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Absiract To determine phylogenetic relatedness of four
sill-producing silkimoths (B. mori. B. mandaring, A. vamamai
and A. pernyr), internal coding region of arylphorin which
is a storage protein in hemolymph protein of insects were
amplified by polymerase chain reaction and then sequenced
and compared each olther. The nucleotide compasition was
biased roward adenine and thymine (59% A+T) and a strong
bias for use of C in the third position of codons was found
for Phe and Tyr. Together TTC (Phe) and TAC (Tyr) account
for about 16.8% (10 for TTC and 8 for TAC) of all codon
usage. The nucleotide similarity of arylphorin gene from
B. mori showed 99%, 98% and 97% homology with those
ol B. mandarina, A. vamamai and A. pernyi, respectively.
Also, the nucleotide sequence of arylphorin gene from B.
mandaring showed 98% and-97% homology with those of
A. vamamai and A. pernyi, respectively. Between A. vamamai
and A. pernyi, the sequence homology was 97%. The deduced
amino acid sequences in B. mori, B. mandarina and A. yamamai
showed almost 99% homology. Although the aryiphorin gene
provided insufficient variability among the four insect species,
A UPGMA tree is generated that supported the monophyly
of silk-producing insects, with M. sexta placed basal to it.
It is suggest that silk-producing insects have a close rela-
tionship and a homogeneous genetic background from com-
parison with those of other insects.

Key words: Arylphorin gene, Silk-producing insects, Codon
usage, Phylogenetics

Introduction

Silkmoths are holometabolous insects belonging to either the
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family of Bombycidae or Saturniidae, both of which belong
to the supertamily of Bombycoidea. Although the two families
are similar in some tespect, they also have many differences
in external and internal features. Molecular taxonomic and
phylogenetic information for the silkmoths should reinforce
conventional information and provide efficient ways for pres-
ervation and utilization of genetic resources silkmoths.
Arylphorin is tyrosine and phenylalanine-rich storage protein
found in the hemolymph of various insects. It is presumed
that arylphorin is amino acid reservoir for cuticle formation
during moiting and metamorphosis [5,8,13]. Arylphorin genes
have been isolated from various species such as Drosophila
melanogaster, Manduca sexta and Bowmbyx mori[2,8,12].
Arylphorin represents importani model protein because their
genes are highly expressed and are developmentally regulated
according 1o the developmental stage. The genes for the
three arylphorin subunits from Drosophila melanogaster and
for the arylphorin from Saccrophage peregrina have been
cloned and some partial sequence data reported. However,
to date, no arylphorin gene has been reported from domestic
and wild type silkmoths (B. mandarina, A. pernyi and A
vamamdai).

In the present study, to get a genetic information and a
malecular characteristic for Bombycoidea superfamily, the
portion of arylphorin genes between Bombycidae and
Saturniidae were partially amplified by PCR and nucleotide
sequences and codon usage were compared. [n addition, the
phylogenctic relationship was compared with silkmoths and
some insect species

Materials and Methods

Genomic DNA was purified from the posterior silkgland of
B. mori, B. mandaring, A. vamamai and A. periny, respec-
tively. About 0.5 g of posterior silkgland was dissected from
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the larvae on 3rd day of the final instar. The frozen silkgland
by liquid nitrogen was homogenized in a buffer consisted
of 50 mM Tris-HCI pH 8.0, 100 mM NaCl, 10 mM EDTA,
1% SDS and proieinase K and incubated at 37T for 30
min. After extraction with phenol (hree times and phenol
and chloroform (1:1) two times, the supematant was pre-
cipitated with two volume of ethanol. The DNA peller was
disselved in TE buffer (10 mM Tris-HCL, pH 8.0 and 1
mM EDTA) containing RNase (10 ugfml).

Primers for PCR were designed on the basis of highly con-
served sequences of B. mori and Manduca sexta [2,6]. The
partial region of arylphorin gene was confirmed using PCR
with the primers (AP1; 5-TTCCACTCGCACTTACCGTTCT-
GGTGG, AP2; 3" -CCATACAGATCAGCATTATCTTGCCA).
DNA fragments were amplified in a total volume of 2040
using 40 ng of genomic DNA and 0.25 unit of Tag pol-
ymerase. PCR condition was one cycle at 967, 3min and
following 35 cycles al 96°C for Lmin, 50°C for lmin and
72C for 1min.

The PCR praducts were separated on 1% agarose gel and
the expected bands size were recovered using Gene Clean
II kit (Bio 101, USA). The eluted fragments were directly
ligated with pGem-T easy vector (Promega, USA) and trans-
formed into E. celi IM 109. Fluorescent cycle sequencing
was performed using 300-500 ng DNA as template in 20,8
reaction volume, and DNA sequences were carried out ABI
PRISM 377 DNA sequencer (Perkin Efmer, USA). The multi-
alignments were analyzed using CLUSTAL W[ 14] and their
genetic distance and phylogenetics tree were constructed
using UPGMA clustering method by MEGA program. These
two analyses were trimmed for maximizing data set of the
nucleotide sequence.

Results and Discussion

From four silkmoths (B. mori, B. mandarina, A. yamamai and
A. pernyl), Partial fragmenr of arylphorin gene was amplified
by PCR using forward and reverse primer which were deter-
mined on the basis of the arylphorin sequences from B. mori
and Manduca sexta [2,16)]. The PCR conditions used in this
experiment shown in the "Materials and Methods® were per-
formed on the PCR design program of DNASTAR program.,
As can be seen in Fig.l. the PCR products of 0.4kb were
successfully amplified from B. mori, B. mandarina, A, vamamai
and A. permyi, respectively. The fragments were eluted, cloned
into the T-overhang vecier (pGem-T easy vector} and
sequenced,

The base composition of four silkmoths and A+T ratio
were almost identical with 29% A, 18% G, 29% T and 22%
C, and 59% A+T. Therefore, the base composition of arylphorin
genes from four silkmoths is heavily biased toward adenine
and thymine.

Table 1 presents the codon usage and its comparisons
of deduced amino acid of arylphorin gene from four

M1 2 3 4

‘

PCR
product

0.56 kb |

Fig. 1. PCR produci amplified by AP1 (5 -TTCCACTCGCA-
CTTACCGTTCTGGTGG) and AP2 (5°-CCATACAGATCAG-
CATTATCTTGCCA) primers. The lanes are M: molecular marker
of A/HindIll, lane 1. B. mori, lanc 2: B. mandarina, lane 3:
A vamamai, lane 4: A, pernyi.

silkmoth. In the apolipopharin-IIE from M. sexta and Locusta
migratoria a bias toward the use of C or G in third position
of cadon was noted. In arylphorin genes a strong bias for
use of C in the third position of codons is found for Phe
and Tyr. Together TTC (Phe) and TAC (Tyr) account for
about 16.8 % (10 for TTC and 8 for TAC) of all codon usage,
which means that the corresponding tRNAs must be abundant
in order to support the high rates of arylphorin biosynthesis
scen in the last siage.

Nucleatide sequence data were aligned using CLUSTAL
W program as shown in Fig. 2. The sequence ideniity of
Arylphorin gene between the Bombycidae (B. mori and B.
mandarinag) and Saturniidae (A. vamamai and A. pernyi) was
analyzed. As a result, the nucleotide sequence of arylphorin
gene from B. mori showed 99%, 98% and 97% sequence
homology with those of B. mandarina, A, yamamai and A.
pernyi, respectively. And also, the nucleotide sequence of
arylphorin gene from & mandaring showed 98% and 97%
homology with those of A. yamamai and A. pernyi, te-
spectively. Between A. yamamar and A. pernyi, the sequence
homology was 97%. The deduced amino acid sequences in
B. mort, B. mandarina and A. yamamai showed almost 99%
homology (Fig. 3). However, from the comparison with
other reported arylphorin which is Aedes aegvpri (UB6080),
Actias artemis (D44482) Caligula boisduvalii (D44488),
Hyalophora cecropia (AF032396) and Manduca sexta
{(M28395), nucleotide similarities showed a high match at
5 region, and a low match at 3° region.

An evolutionary tree showing a possible relationship
between four silkworms and above the five insects based
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Table 1. Compatison of aminc acid composition and codon usage of arylphorin gene from four silk-producing silkmoths

Amino acid B. mandarina

B, mori

A, yamamal A. pernyi

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe (TTC)
Phe (TTT)
Phe (Total)
Pro

Ser
Thr
Trp
Tyr (TAC)
Tyr (TAT)
Tyr (Total)
Yal
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on the nucleotide sequence data presented in Fig. 4. This
tree was derived from the aligned sequences and the dis-
tance scores given in Table 2, and a bootstrap analysis with
1000 replication was performed on the entire data set. This
tree is consistent with the phylogentic relationships of the
species from which deduced amino acid sequences data were
obtained. A UPGMA tree is generated that supported the
monophyly of silk-producing insects, with M. sexta placed
basal to it. Among the four silk-producing silkmoths, genetic
relationship of B. mori and B. mandaring is closer than that
of A, yamamai and A. pernyi.

Although the two families of Bombycidae and Saturniidae
are similar in some respects of genetics, they have many dif-
ferences in the merphologic features and their behavior except
for producing silk. So far, many studies have been examined
for the relationship between Bombycidae and Saturniidae.
B. mori and B. mandarina were crossed hereditarily and the
resulting hybrid progeny shows normal fertility [1,3]. From
studies for fibroin gene, ribosomal gene and immunological
properties of aryphorin between B. mori and B. mandarina,
the obtained data suggest that they are a close homology
in genetic background [6,7,16]. A, yamamai and A. pernyi
are economically important wild silkmoths, Although their
chromosome numbers are quite different (yamamai=31, pernyi=
49), they were clossed to produce Ty progeny [4,10].
However, the progeny is due to incomplete ocogenesis and
other abnomalities [9]. Kirimura showed that fibroin of A
yamamai and A pernyi are clearly similar than those of B,
mori and B. mandarina [9].

In this study, we have suggested based on partial se-
quences of arylphorin gene that there might existed a more
closer genetic relationship between B. mori and B. mandarina
than that of A. yamamai and A. pernyi, Although this report
is not a full evidence to elucidate that four silkmoths are
a cluster as monophyly and B. mandarina which inhabits
nature, it is possible ancesior of the domesticated B. mori.
This is one of the data to clue the relationship of four
silk-producing silkmoths on the arylphorin gene level. Our
results eventually indicate that gene encoding arylphorin is
distributed on the chromosomes as a well conserved gene
which play as a systematic tool for molecular evolution,
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C.boisduvalii TGACAGATATGGAABCCTT-——AAGGAGCGCCGTGETGAACTTTATTATTACTTCTA-——
Alartemis TGACAGATATGEAAGCCT T--- BAGGAGCGCCGTGETGAACTTTATIATTACTICTA-——
H.cecropia TEAGAGATATEGETAACCTT-—-AAGCATCGTCGTIGETGAARTATATTACTACTICTA-—~
M. sexta TBAGAGATACGGAGCACTA-—-AAATCGCECCGTEETGARATCTACTATIACTICTA—
Bom. manda AGAAAAATACGEAGCCCTT-— ALAGAGCGTCGTGEAGAGETI TACTTCTACTTCT A-——
A pernyi AGAAAAATACGGACCCCTT-——-AAABABCETICCTEBRAGAGGTTTACTACTACTICTA———
Bom, moTi AGAAAAATACGGAGCCCTT -——AAAGAGCGTCGTGEAGAGGTLTACTICTACTICTA-——
A yamamai AGAAARATACGGABCCCTIT-——ARAGAGCGTCGTGEA [ACTTCTACTTCTA-——
A aegypti A-AGBAATTCGG———CCTETACAAGGACCETCGTGECGAACTCT -~ TCCTA-TTCAASCA
*® X% XX ¥R XX XE XXEEX EX x X x %% FEX 2
C.hoisduvalai COMACAATTATTAACACGTTATTCCTTCGARCGTCTTACCAACGGATTGEECCCEATTCC
A artemis COAACARTTATTAACACGTTATTICCTICGAACGTCTTACCAACGEATTEGECCCEAITCE
H. cecropia COAGCARTTATTAACACGTTATTACTICGAGCGTCTTACCAACCGCTIGGETTCCATACE
M. sexta TCAGCAATTAATGGCACGTTA TTEAACGTCICTCGAACGGCCTEGETGACATICC
Bom. manda CCAGCAATTATTIGECTCGTTACTACTTIGABCGTCTTACCAATGGACTTGGTAAGATTCC
Ape. royi COAGCAATTAT TGECTCAATACTACT I TGAGCGT CTIACCAATBGACTTGGTAAGATTCC
Bom, mori CCAGCAATTATTEGCTCGTTACTACTTTGABCGTCTTACCAATGGACTTGGTARGATTCC
b, yamamai COAGCAATTATTGGCTCETTACTTCTT TGAGCGICTTACCAATGGACTTEGTAAGATTC
4. aegypti CCAGCABCTECTCECTCOCTATTACATGGAACGCTTGTCCAACGATCTCEGAACCATCLC
¥ ¥ E3 ¥ X *% X X ¥® XX * X 5% X X *¥ ¥E OEX
. boisduvalii CGAATTCATT TGGTACTCCCOTGTCAAGACTGETCACTACCCACTGATGACTTICATATTA
A artemis CEAATTCATTIGGTACTCCCCTGTCAAGACTEGTCACTACCCACTGATGACTTCATATTA
Y cecropia CEAATTOTCTTAGTACTCGCCCATTAAGACTGATTATTATCCACTGATGACTTCATACTA
M, sexta CCAATTCTCATGGTACTCACCAGTCAAGTCTGGCTACTATCCACTGATGTCTTCTTATTA
Bom. manda CORATTCTCATEGTACTC TCCBATAARGACTGGATACTATCCATTGATG~CTAACTAAGT
A.pernyi COAATTCTCATEGTACTCTCCBATAAAGACTGEATACTATCCATIGATG-CTAACTAAGT
Bom, mor1i CRAATTCTCATGETACTCTCCRATAAAGACTGEATACTATCCATIGATG-CTAACTAAGT
A yamamai CEAATCCTCATEETACTCTCCBATAAAGACTGEATACTATCCATTGATG-CTAACT AAGT
A aegypti GEAGTTCTCTTRETACAAACCTCTCCCCACCOGATACTATCCCAACATGCATTACTACAR
X% ¥ =% AT REX O = x X% * k¥ K% R » * &
C.boisduvaliy (———-TAT-CCATACGCACAAAGECCCGACCACTTCARATGTGCACACTGAAGRARACTAC
A artemis G————TAT-CCATACGCACAAAGBCCCGACCACTTCAATGTGCACACTGAAGAAAACTAC
H. cecropia T -TAC-CCATTOGCTCAAAGGCCGGARAACT ACAATCT ACACAGTGTAARGRACTAC
M, sexta (———-TAC-CCCTTCGCTC AAAGGCCCAACTACTGRALCGTGCACAGCGAAGAARACT AL
Bom. manda T-———TACACCCTTCGCAC ABAGACCTGACTACTACAACTTGCACACCGAAGAARACTAT
A pernyi T-———TACACCCTTCRCACAAAGACCTGACTACTACAACTTGCACACCGAAGARAACTAT
Bom. mori T TACACOCTTCGCACAAAGACCIGACTACTACAACTTECACACCGAAGARAACTAT
A yamamai T————TACRCCETTCECACAAAGACCTGACTATTACAACTTGCACACCOAAGARAACTAT
A aegypti TEEABTTT-—-CETTCCAGTCACGCGACAACAACCACTACGTCTACACCCCAGAARAALTAC
* ¥ X X o= * * *® HS AR X %k FEFEX
C.boisduvalii GAAAGTGT--ACGAT-TCTIGRATACTTATGAAAA--GTCTTICETCCAATTCCTTCAGA
A artemis GAAAGTGT--ACGAT-TCTTGGATACTTATGAAAA--GTCTTITCGTGCAATTCCTTCAGA
H cecropia GAAGCAAT--ACCGT-TCTTGGACATTTTTGAAAA—-CACTTTCGTACAGTCCCTACAGA
M, sexta GARAARET-—ACEAT-TCTTGEACACGTATGAAAT —~GTCATTCCTTCAGTTCCTCCAAA
Bom. manda GAAAGAGT--AAGAT-TCCTTEACACTTATGAGAA--GACATICGTTICAGTICCTCCARA
A pernyi CAAMNGAGT-—AABAT-TCCTTGACACTTATGAGAA--GACATTCEGTTCAGTTCCTCCAAA
Hom. moT1 . GARNAGAGT--AAGAT-TCCTTGACACTTATGAGAA--GACATTCGTTCAGTTCCTCCAAA
A. vamamai GAAACGAGT--AAGAT-TCCTIGACACTTATGEGAA--CACATICGTACAGTTCCTCCAAR
A aegypti TACGACGTCHACCAACTGETTGA-~-TTACGAGCACCGT-ATTCECEAAGT-CATCGATC
* L3 * % = X OBX b3 E x X% % ox ¥ X *
C.boisduvalii AAGGTCACTTCCAAGCGETATGTT I TA——AATTTTCTCTITTATTTTATTGTTGTA-ARG
A_artemis AACGTCACT IO ARGCGGTATGT T TTA——AATTTTCTCTTTITATTITTATTGTIGTA-AAG
H.cecropia AAGGCCAATICGAATCGAACGOCAAAA——ARAT ———o——— TGATTTCCACGATGAA-AAG
M, sexta ACGGACACTTCAAAGCGGTATGTATAACAARATGTATGTTTTATTT-ATTATTATACRAG
Bommanda AGEACCACTIIGAAGCCETAAGTICGA-ACATTAACTGTGTAATCTTATTIGAT TTA————
L pernyi AGBACCACTTTGAAGCCRTAAGTTCEBA-ACATTAAGTGTGTAATCTTATTGATTTA————
Bo . mmori ABGACCACTITEAAGCCGTAAGTICGA-ACATTAAGTGTGTAAT CTTATTGATTTA-———
A, vamamal AGGACCACTTTEAAGCCGTAAGCTCGA-ACATTAAGTGTGTAATCTTATIGATTTA—— -~
A. zegypti _AQGGAEACET —————— BETCTTCCCCA-————————————~ ;ﬁTGGAAGCCACGTC———w
C.boisdyvalii ACAATCATGCTTGTCCTTITAATTAGTCTTAATAC—-TGCTIGTTTATATTTT-AGTATG
A. artemis ACAATCATGETICTCO T TTTAATTAGTCTTAATAC——TGCTTCTTTATATTTT-AGTATG
H.cecropia GCAATTARCTTTGTCEGA- ~AACTATTGE AAGAGARTGCCGATCTETATGCAGARGAAG
M_sexta ———ATTCAGTT==T——=—=== ATA-———--ACBACA-TGTCATT-—-TATTTTCAGTITG
Bom. manda —— - T-——TTCTAAAATGTATGATT —-TAATAGA———— CATTTATAGTICG
A pernyi = TTCTARAATGTATGATT--TAATAGA—~———— TCATTTATAGTICG
Bom. mori ———-T—————TTCTAARATGTATGATT--TAATAGA———— CATTTATAGTICG
A, yamamal -l TICTAARATGTATGAT T ——TAATAGA—~—-— TCATTTATAGTICG
A aegypti —GA-—————— TCT———- GACCEACCCCEAATCCA TCGARATACC
C.boisduvalil ———ACAARAAG-——-ATCGACTTACAT
A artemis ———ACAAAAAG———-ATCGACTTACAT
Y cecropia ———TCACAAAGGATTATCAACGTTCTT
M. sexta ———ACCAGAAG—~-—-ATTGACTTCCAC
Bom, manda G-—ACARRAA-————- CTTGATTTCCAC
Ap ernyi G--ACAARAA-———- CTTRATTTICCAC
Bom. morl . EaéACAAAAA ————— %%TGATTTCCAC
i ragsn CohERAM T ATEATTICENS
X E

Fig. 2. Muti-alignment of PCR amplified nucleotide sequence of the arylphorin genes. Asterisks and hyphens indicate nucleotide
common and gap 1o all species. [Bom. mori: Bombyx mori, Bom. manda: Bombvx mandarina, A yamamai: Antheraea. yamamai,
Apemyi: Antheraea pernyi, A, aegypti. Aedes aegypri (UB6080), A.ariemis: Actias artemis (D44482), Chboisduvalii: Caligula
boisduvalii (D44488), H. ceropia: Hyalophora cecropia (AF032396), M. sexta Manduca sexta (M28395)]
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Ape FHSHLPFWWTSEKYGALhERRGEVY!%FYQQLLA YFERLTNGLGKIFEFSWYSPIKIG
Bma FHSHLPFWWTSEKYGALKERRGEVYEYEFYQQLL YF RLT L K SWY I G
Bmo FHSHLPF KYGALKERRGEVYFYEFYQQLLARY
Aya FHSHLFF EKYGALKERRGEVYFYFYGQLLARY ERLTNGLGKIP WYSPIKTG
ERFXEFXEE FAEXEFXETREREIE KERXAIEEX ¥ FEXXXXEEFREXE EXIXIXTFY
Ape YYPLMLTKFTPFAQRPDYYNLHTEENYERVRFLDTYEKTFVQFLQKDHFEAVSSNIKCVI
Bra YYPLMLTKFTFFAQRPDYY ENYERVRFLDTYEKTEVQFLQKDHFEAVSSNIKCVI
Bmo YYPLMLTKFTPFAQRPDYYNLHTEENYERVHFLDT TFVOFLOKDHFEAVSSNIKCYI
Ava YYPLMLTKFTPFAQRPDY YNLHTEENYERVRFLDT YRKTFVQFLAKDHFEAYVSSNIKCY I
EHREFEXLRRATENLREEEE IR ENRY KRR LR N LY AR LR NN YRR EREX
Ape LLIYF
Bma LLIYF
Bmo LLIVE
Ayva LLIYF
KEEHE

Fig. 3. Multi-alignment of amino acid sequences deduced of arylphorin gene from four sitk-producing insects (Bmo; B. mori, Bma;
B. mandarina, Aya, A. vamamal, Ape;, A pernyi)

Table 2. Genetic distnact of arylphorin genes among nine insect species based on mucleotide sequences

C. boi A. art H. cec B. man
A, art 02322
H. cec 0.3126 0.3331
B. man 0.4326 0.4495 0.5039
A. per 0.4379 0.4550 0.5100 0.0081
B. mor Q4281 0.4448 0.5047 0.0027
A. yam 04517 04719 0.5267 0.1050
M. sex Q.3373 03846 0.4376 0.3676
A. aeg 0.8425 (1.8089 0.7744 0.8693

]

S?I Bombyx mandarina
i

8
100 L Bombyx mori
48
‘——v-j l Y- Antheruea pern¥vi

’ L— Antheraea yamamai

t —— — — — — — Manduca sexta

Hyalophora cecropia

L———L—_l—— Caligula boisduvalii
83

g8l—— Actias artemis

- — — — —  hedes aegypti

Scale. each ~ 1s approxunately equal Lo the distance of 0.006722

Fig. 4. Phylogenetic tree showing the evolutionary relationship
of silkmoth arylphorin gene with reported insects arylphorin
gene. [Amo: B. mori, Ama: B. mandaring, Aya: A. yamamar, Ayp:
A. pernyi. Aedes aegypti (UB6080), Actias arremis (D44482)
Caligula boisduvalii (D34488), Hyalophora cecropa {AF)32396)
and Manduca sexta (M28395)]
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